We have studied the resonance fluorescence of a room-temperature rubidium vapor exited to the atomic 5 P 3/2 state (D2 line) by powerful single-frequency cw laser radiation (1.25 W/cm 2 ) in the presence of a magnetic field. In these studies, the slow, linear scanning of the laser frequency across the hyperfine transitions of the D2 line is combined with a fast linear scanning of the applied magnetic field, which allows us to record frequency-dependent Hanle resonances from all the groups of hyperfine transitions including Vand Λ-type systems. Rate equations were used to simulate fluorescence signals for 85 Rb due to circularly polarized exciting laser radiation with different mean frequency values and laser intensity values. The simulation show a dependence of the fluorescence on the magnetic field. The Doppler effect was taken into account by averaging the calculated signals over different velocity groups. Theoretical calculations give a width of the signal peak in good agreement with experiment.
Introduction
Sustained interest in resonant magneto-optical effects in atomic vapors is due to their importance to fundamental physics but also to possibility of using these effects in numerous applications (see [1] [2] [3] [4] and references therein). Besides the obvious dependence on the applied magnetic field, the resonant nature of these effects implies a substantial dependence on the laser frequency. Meanwhile, as a rule, only one or two of these parameters is varied in a given experimental measurement. In the present work, we report the results of an investigation of the nonlinear Hanle effect [5, 6] . It is called nonlinear because the shape of the fluorescence signal's dependence on the magnetic field is strongly related to the intensity of the exciting light. In an experiment which we performed both the laser frequency and the magnetic field were scanned continuously and simultaneously at different sequence rates [7] . This technique enables us to acquire additional information in one measurement sequence , and can help to better understand and model the processes under study. This technique can be applied to other magneto-optical effects as well [8] . a e-mail: Aigars.Atvars@lu.lv Usually, models of nonlinear magneto-optical effects are based on the optical Bloch equations [9] . At the same time, as was shown in [10], simpler rate equations for Zeeman coherences for stationary or quasi-stationary excitation are equivalent to the optical Bloch equations. The model based on the rate equations was successfully applied to studies of atomic interactions with laser radiation in cells in the presence of an external magnetic field [5, 6, 11] .
The elaboration of a realistic model of the interaction of alkali atoms with laser radiation is complicated by the fact that the fine structure levels of a typical alkali atom consists of several hyperfine structure (HFS) levels that in experiments in cells can be only partially resolved spectroscopically due to Doppler broadening. If an external magnetic field is applied, the situation becomes even more complicated. The magnetic field mixes together magnetic sublevels with the same magnetic quantum number M , but belonging to different hyperfine states. This mixing can be quite strong, as was shown experimentally and confirmed in a model for Rb atoms [12] confined in an extremely thin cell [13] . In that study the extremely thin cell allowed to resolve spectroscopically transitions between specific magnetic sublevels. When scanning the laser frequency there appeared in a fluorescence excitation spectrum transitions that would not be allowed in the absence of the level mixing due to magnetic field.
In the present study we propose to show that in the model of the nonlinear Hanle effect we have for the first time accounted simultaneously for all these effects, namely, the creation of Zeeman coherences between magnetic sublevels in the ground and excited states, the mixing of the different hyperfine levels in the magnetic field (partial decoupling of the electronic angular momentum of the electrons from the nuclear spin), and the Doppler effect in the manifold of magnetic sublevels of all hyperfine levels of the fine structure states involved.
Experiment

Experimental details
A schematic drawing of the experimental setup is shown in Figure 1 . A radiation beam from the single-mode laser diode (SanyoTM DL-7140-201 W) with no external cavity was directed into the 1 cm-long glass cell containing natural rubidium. The temperature of the cell was T cell = 24 C (N Rb = 8.6 × 10 9 cm −3 ). The measured output power was 45 mW at the Rb D 2 line, the spectral linewidth was ∼15 MHz, and the laser beam diameter was 1.5 mm. The cell was placed in 3 mutually orthogonal pairs of Helmholtz coils without metal shielding, which reduced the dc magnetic field to ∼10 mG and could apply a magnetic field of up to 80 G in a chosen direction. The resonant fluorescence emerging from the cell was detected by a photodiode placed at an angle of 90 degrees to the laser beam, 14 cm from the cell. The detection solid angle was 0.004 srad. The total intensity of the laser induced fluorescence was measured without spectral or polarization selection. It was possible to simultaneously record also the transmitted signal and the saturated absorption signal (branched to an auxiliary setup, as shown in Fig. 1) . Control of the diode laser injection current and hence, the radiation frequency, as well as data acquisition were done by means of virtual function generator and a multi-channel oscilloscope, with the help of a National Instruments TM DAQ board installed in the PC. The software was written in LabVIEW TM . The measurements were performed by linearly scanning the laser frequency over a 6 GHz range around the Rb D 2 line, covering the 87 Rb F g = 2 → F e = 1, 2, 3, 85 Rb F g = 3 → F e = 2, 3, 4, and 85 Rb F g = 2 → F e = 1, 2, 3 Doppler-broadened and partially overlapping transitions. The typical duration of a one-way scan was 5 s. Within this time period, the magnetic field is periodically scanned by 120 triangular bipolar pulses, each with a duration of of 41.5 ms. The number of measurement points per frequency scan was 50 000 (over 400 points per magnetic field scan). The fluorescence measurement in one scanning point takes 100 µs. This measurement time interval is sufficiently large to allow good signal resolution and the development of a steady state interaction regime. The mutual orientation of the laser radiation, its polarization, and the direction of the magnetic field is shown in Figure 2 . Figure 3 shows the double-scanning fluorescence excitation spectra for the circularly polarized excitation recorded with laser intensity I L = 1.25 W/cm 2 . We can clearly
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